Five hundred low birth weight children and 492 full-term infants were seen when approximately 40 weeks of age for a pediatric-neurologic examination. Of these, 822 provided the data upon which this report is based. To each child, when eight to ten years of age, there was administered ten subtests of the Wechsler Intelligence Test for Children (WISG), the Bender Gestalt Test and the Wide Range Reading and Spelling Achievement Test. In addition, observations were recorded regarding speech articulation and complexity of grammar. The number of perseveration instances and indications of possible comprehension aphasia observed during the examinations were recorded. The Verbal IQ_, Performance IO_ and Full Scale IO_ scores, as well as the independently obtained Bender Gestalt score, showed increasing impairment with decreasing birth weight. Approximately twice as large a proportion of low birth weight children as of control children fell into the IO_ category (50-79) which is associated with special medical or educational needs. At the ages of six to seven years the results of the Stanford-Binet Test showed an IQ, difference between the low birth weight and full-sized groups of 3.4 points (F = 7.77, 3 and 810 df, p < 0.001), whereas the WISG given at the ages of eight to ten years indicated an IO_ difference of 4.9 points (F = 10.87, 3 and 810 df, p < 0.001) for the same samples of children. Of the twenty psychological measures used to assess development of those who had been premature, relative impairment on 16 were significantly associated with birth weight and one was nearly so at the 0.05 level of significance. When the effect of the presence of indicators of possible neurologic abnormality was removed by analysis of covariance, the statistical significance of the association with birth weight was reduced for each of the variables measured, and only six of the twenty remained with significant assocation.
Introduction
The purpose of this report is to examine the psychological development at eight to ten years of age of a group of low birth weight 1 children who have been followed from birth [1, 3, 6 ]. An earlier report considered the mental status of these subjects when they were six to seven years of age [6] . Several psychological and behavioral defects were observed when race 2 , sex, social class, maternal child-rearing attitudes and personality ratings of the children were controlled. Specifically, low birth weight children showed significantly more impairment than did control children on tests of perceptual-motor skills, abstract reasoning, comprehension, gross motor coordination, speech articulation and intelligence. The impairment was usually greatest in the lowest weight groups. Other evidence suggested that indications of neurologic defect were associated with much of the impairment ascribed to low birth weight.
This paper also presents further evidence of the nature of the differences between low and full birth weight children and an estimate as to whether low birth weight children compensate ('catch up') for their previously noted impairment. It includes data regarding perinatal trauma and neurologic defects observed in infancy to ascertain whether such phenomena are associated with subsequent psychological impairment of low birth weight children.
Population Studied
Previous reports contain a description of the design of this study [1, 3] . Five hundred low birth weight children and 492 full-term infants were seen when approximately 40 weeks of age for a pediatric-neurologic examination 3 . The chronologic age at which each low 1 Low birth weight is defined as less than 2501 grams and is used as an operational definition of prematurity. Control cases (full-term children) are defined as those with a birth weight greater than 2500 grams. This report is not concerned with differences in impairment of low birth weight children with varying gestational periods. Such an analysis is in preparation. It may be noted here that length of gestation does not appear to affect psychologic functioning when this is measured at eight to ten years of age for subjects with birth weights of less than 2500 grams. 2 Race refers to white and Negro groups and is not meant as an anthropologically or genetically defined variable. 3 A Gesell developmental examination and a physical examination.
birth weight child was examined was corrected to make allowances for the degree of prematurity on this and subsequent examinations. The two groups of subjects were matched for race, season of birth, parity of mother, hospital of birth and socioeconomic status as estimated from census tract data. All children were single born. Data were obtained from the hospital regarding perinatal complications and health of the mother during pregnancy and of the child during the hospitalization period. When those children were three to five years of age, 900 were located and examined using the Stanford-Binet Intelligence Test, Form L. A third examination was conducted when subjects were six to seven years of age. At that time, the Stanford-Binet Test, Form L, was repeated, together with other procedures [6] . Social class and maternal attitudes and practices were evaluated by social workers who interviewed each child's parent or guardian.
Data to be presented here concern the fourth round of examinations when the children were eight to ten years of age. Eight hundred and forty-one children of the original 992 were located. Of these, 822 provided the data upon which this report is based. The other 19 subjects were excluded from this report because of severe sensory or gross motor disturbance or an IQ, of less than 50. Sixteen of these excluded cases were of low birth weight; three were control cases. Analysis of data not presented here indicated that the previous intelligence test scores of the nonlocated children were not significantly different from the 822 children who are the subject of this report.
Method
Each child was administered ten subtests of the Wechsler Intelligence Test for Children (WISC), the Bender Gestalt Test and the Wide Range Reading and Spelling Achievement Test. In addition, observations were recorded regarding speech articulation and complexity of grammar. The number of perseveration instances and indications of possible comprehension aphasia observed during the examinations were recorded. Children's parents (or guardians) were again interviewed by social workers and rated for a variety of social class and attitudinal variables.
With but few exceptions, the social worker and psychologist who collected data were unaware of a subject's past history or prior test performances. After all children had been examined, raters scored Bender Gestalt reproductions according to a scheme designed by one of the authors [5] . This procedure insured that Bender Gestalt scores were free of any influence from other test results, physical appearance, knowledge of past history or any other bias. Each Bender protocol was scored for instances of perseveration, separation of figures, inability to make acute angles or sine curves, crudeness of motor coordination and gross distortion of Gestalt perception.
Results

Differences Between Birth Weight Groups
Sixteen of the twenty measures used indicated significant differences between birth weight groups. Data presented in table I consider only the Wechsler Intelligence Test for Children and Bender Gestalt Test scores.
The Verbal IQ,, Performance IQ,and Full Scale IQ scores, as well as the independently obtained Bender Gestalt score, showed increasing impairment with decreasing birth weight. These findings were similar for Negro and white subjects. Racial differences were highly significant, but a discussion of these is beyond the scope of this report except to observe that these differences have tended to increase with age and are assumed to be influenced by environment. It is of interest, however, that Negro children were no more impaired than white children as a function of birth weight. Although social class differences (as estimated from census tract data) were controlled by initial matching of subjects when the study began, further controls for such variables were provided by using additional data obtained when subjects were eight to ten years of age. These data, obtained by social workers, were factor analyzed and ten resulting measures were simultaneously covaried 4 . The F scores of table I are based on this control, as well as race via analysis of variance.
The birth weight differences in mean intelligence test scores shown in table I are not sufficient to make a clinical or educational prediction for any given child; however, when the impaired extreme of the distribution is examined (IQ_ 50 to 79) large differences exist between groups. Approximately twice as large a proportion of low birth weight children as of control children fall into the IQ category (50 to 79) which is associated with special medical or educational needs.
To the extent that groups of children differed significantly on each of three psychological variables (Verbal IQ,,Performance IQ,,Bender Gestalt), it seemed likely that a better estimate of the true difference between birth weight groups would consist of a weighted combination of the three variables. A discriminant function statistic was calculated to assign weights to each of the three variables in order to maximally separate groups. These weights were then multiplied by sub-ject's score for each of the three variables, and a new variable was produced.
As shown in table II, subjects were grouped into sextiles which reflect composite 'psychological efficiency' 5 or rank as estimated by this single 'new' variable. Sextiles were prepared separately for each race. The lowest (6th) sextile, for example, may be interpreted as those children who have the most unfavorable scores on the three measures weighted to maximally separate the birth weight groups 6 . This weighted combination of psychological test scores does discriminate between birth weight groups; p <0.001 for white subjects, for Negro subjects and for white and Negro subjects. It is worth pointing out that the information in table II is also a reminder that there is much overlap between the birth weight groups. In terms of performance, many low birth weight children cannot be differentiated from high birth weight children even when subjected to a wide variety of tests.
Changes in Impairment of Low Birth Weight Children with Age
The question considered here is whether the difference between birth weight groups changes as prematures grow older. Do prematures 'catch up' as opportunities for compensation via learning experiences increase? This question is difficult to answer because different ages of childhood are related to quite different tests which measure different aspects of mental ability.
Changes between groups might be judged by the changes in measures of significance if degrees of freedom remain constant. Table III presents some relevant data.
At the ages of six to seven years, the Stanford-Binet showed an IQ,difference between the low birth weight and full-sized groups of 3.4 points, F = 7.77, 3 and 810 degrees of freedom (df), p < 0.001, whereas the WISC at the ages of eight to ten years indicated an IQ difference of 4.9 points (F = 10.87, 3 and 810 df, p < 0.001) for the same samples of children. These measures suggest that prematures as a group have not caught up at the ages of eight to ten years to the extent that low birth weight children are relatively impaired on both tests. 1 This analysis controlled for three levels of social class as determined by an index consisting of parental education, income, housing and employment. F ratios for the interaction of three levels of social class with four levels of birth weight were 1.34 and 0.60 (6 and 810 df) for the Stanford-Binet test and WISC respectively. These are not significant. The incidence of each of these indicators of possible pathology is compared for three birth weight groups in table IV.
Variable
Data in table IV show that 15 of the 19 indicators were found significantly (p< 0.05) more frequently in low birth weight children. Apparently, decreasing birth weight is associated with a greater incidence of these indicators of pathology or potential pathology. It is suggested that low birth weight children have an increased risk of neurologic pathology; this risk increases as birth weight decreases.
An attempt was made to study the combined effect of the 19 indicators shown in table IV by giving each child a score equal to the number of these indicators which were in his record. Since table IV shows that these individual indicators of potential pathology are found more frequently among low birth weight children, it was hypothesized that a combined index obtained by counting the number of such indicators per child should also give a score that would be inversely related to birth weight. It is emphasized that this score merely provides an operational definition of possible neurologic abnormality and is not an established indicator of such abnormality. Table V presents an analysis of the frequency of these scores for white and Negro subjects and for birth weight groups.
The findings are highly significant for each of the races; low birth weight children have more indicators of possible neurologic abnormality. It is of interest that the greater psychologic handicap of Negro subjects shown in tables I and II is not associated with a greater incidence of perinatal and neurologic abnormalities 8 .
Data in tables IV and V refer only to the frequency of indicators or defects and not to severity. A better scale would consider both concepts. Further, the scores analyzed in table V consider each variable equally important. This is not the case. Statistical procedures for weighting variables are applicable with confidence only when a given variable is scaled to give a continuous, normal distribution.
Data in table VI illustrate a further attempt to ascertain whether the mental impairment of low birth weight children is due, to an important extent, to associated neurologic abnormalities as suggested in table IV. It can be noted that of the twenty psychological measures used to assess development of prematures, the ratings on 16 were significantly associated with birth weight and one was nearly so at the 0.05 level of significance (see column 1 of table VI). When the effect of the presence of indicators of possible neurologic abnormality was removed by analysis of covariance, the statistical significance of the association with birth weight was reduced for each of the variables measured, and only six of the twenty remained with significant association (see column 2 of table VI).
The perinatal and neurologic data, which we have called 'indicators', are to some extent unreliable. Unfortunately, no estimate of this is available. Also, combining these data into a 'scale' has unavoidable statistical flaws previously alluded to. Each of these two deficiencies may be expected to have decreased the predictive value of the 'neurologic' indicator scale score, and it is probable that their removal would strengthen the conclusion that low birth weight is associated with impaired performance in a wide variety of psychological measures largely to the extent that a neurologic disturbance is present 9 .
Comments
Low birth weight is associated with impaired mental development in eight-to ten-year-old children. This finding is in accordance with earlier findings from this longitudinal study and with the weight of evidence from other studies [2, 4] . This impairment is not secondary to correlated socioeconomic factors or to the quality of'mothering'. Such factors were controlled by the original design of the study and by the use of the statistical techniques of analysis of variance and covariance. Further data, not presented here, provide evidence that mental impairment is not secondary to behavioral disturbances, such as hyperactivity, frequently shown by brain damaged children. The data show that the noted mental impairment is associated with an index of possible neurologic defect. Data presented here do not suggest specific diagnostic clues for clinical prediction of impaired mental development. 'Catching up' has not occurred, if one is to judge this by standard tests of intelligence. Although some children do compensate, others show increasing mental impairment. Rather, low birth weight children as a group do not appear to have caught up to full-term children to the extent that they can be determined by the measures utilized in this study.
An earlier report from this longitudinal study indicated that the Stanford-Binet Intelligence Test score was not as significant a discriminator of low birth weight groups at the ages of six to eight years as was the Bender Gestalt Test or other psychological measures [6] . The F ratios in table I suggest, however, that the WISC scores are a better discriminator of birth weight groups at ages eight to ten years than is the Bender Gestalt at this age. Such seemingly discrepant findings reflect the fact that the two intelligence tests are notably different and demand different types of mental activity.
Children of lower classes or of the Negro race are not relatively more impaired as a function of low birth weight. The effects of birth weight are similar in each social class group and in each race. There is no evidence of a statistical interaction between low birth weight and social class or race. Similar findings and statistical tests of this observation were presented in an earlier report [6] .
Some clinical workers have suggested that the presence of brain damage can be diagnosed in part by 'scatter' or by inconsistent performances. It follows that children of low birth weight groups should show more 'scatter' on test scores than controls since they have a greater risk of brain injury. In order to test this hypothesis, the variability of each child's scores on the ten Wechsler subtests was estimated by computing a standard deviation; birth weight groups did not differ significantly with regard to this measure of variability (data not shown here). It appears that 'scatter' in itself is not a meaningful diagnostic device with respect to the minimal defect with which this report is concerned and with regard to the ages and measures used. A possible explanation for this observation is that those processes affected by minimal brain damage may be noted in any of the WISC subtests.
Data in table VI suggest, perhaps surprisingly, that reading and spelling achievement scores at best only slightly discriminate birth weight groups, whereas many other measures, including arithmetic, are better. School achievement data were obtained from thirdand fourth-grade children and yielded similar findings (not shown here). Possibly scholastic achievement as measured by tests of reading and spelling through the age of ten years is not as remarkably affected as are other measures because of the age of the children; it is possible that such impairment may be noted at a later age.
The final follow-up of this longitudinal study concerned scholastic achievement of subjects when they were thirteen years of age. Preliminary analysis indicates the scholastic achievement of the thirteen-yearold expremature is significantly impaired. These data will be presented in a later report.
Summary
Four hundred and seventeen low birth weight children and 405 full-term children were examined at the ages of eight to ten years using a variety of psychological measures including the Wechsler Intelligence Test for Children, the Bender Gestalt Test and the Wide Range Achievement Test. In addition, data were available for the socioeconomic classes of the families and childrearing practices of the mothers. Perinatal information was obtained from hospital records and neurologic data from an examination performed when subjects were approximately 40 weeks of age.
Low birth weight children are impaired on a wide variety of psychological factors, including ten subtests of the Wechsler Intelligence Test for Children. Such impairment is not due to social class or to maternal attitudes and practices. The degree of impairment is greatest for children with smaller birth weight. Lower birth weight children appear to have a greater risk of impaired mental performance largely because of associated indications of neurologic defect. When intelligence test data for eight-to ten-year-old-children are compared with the data obtained when these children were six to seven years of age, it appears that 'catching up' has not occurred. It should be emphasized that the impaired performance represents a relative group trend. Most low birth weight children are not impaired, and the overlap between birth weight groups may be more clinically meaningful than the differences between groups. However, low birth weight, when associated with indicators of neurologic pathology, constitutes a higher risk category.
